During the past ten years, a number of observers have isolated small Gram-positive bacilli from a variety of diseases in widely different host species including man. With the exceptions noted below these organisms have not been classified or correlated. In the course of studies on a disease in fowl characterized by massive necrosis of the myocardium with which a similar organism is associated, relationships were observed which it is the purpose of this study to present. Murray (1) , in 1926, isolated an organism from a disease in his stock rabbits in Cambridge. He was unable to classify it with any existing genus and since one of the predominant features of the disease was a marked mononucleosis, he called the organism Bacterium monocytogenes. :Pirie (2) , from a plague-like disease in the gerbiUe in South Mrica isolated an organism similar to Murray's. He proposed the name Listerella hepatolytica, but in view of the blood response to the organism, which was not observed until after Murray's description appeared, he considers "monocytogenes" more suitable as a specific name. In Bergey's Manual these two species are listed under the genus "Listerella."
In 1931 Gill (3) , in New Zealand, reported the isolation of small Gram-positive bacilli from the brains of sheep suffering from an epizootic mid-brain encephalitis known as "circling." He suggests that the disease is widespread, similar cases having occurred in West Australia, and in Indiana in the United States. Ten Broeck obtained organisms from sporadic cases of encephalitis in sheep occurring in the New Jersey vicinity which were culturally and morphologically similar to those described by Gill and did not fit any known genus. TenBroeck's observations were not reported.
Beginning in 1930, Jones and Little studied cases of bovine encephalitis occurring sporadically in New Jersey. From the brains of cattle dead of the disease a similar organism was isolated. A note on this work was published in 1934 (4). They compared strains of their organism with the sheep organism isolated by TenBroeck, and found them to be the same. This latter observation, however, 203
was not reported. Schultz (5) , in 1934, reported the repeated isolation of a similar organism from a case of meningo-encephalitis in a woman in California. In 1934, Burn (6) , in New Haven, obtained an unclassifiable bacillus from two cases of purulent meningitis in new-born infants and, later, from a case in an adult. He suggested a relationship with B. monocflogenes on the basis of morphological similarity. An unpublished comparison made by Burn showed his human strain to be identical with a bovine encephalitis strain obtained from Drs. Jones and Little.
In 1932, TenBroeck, studying a fowl disease characterized by massive necrosis of the myocardium, which was appearing sporadically in the stock chickens at Princeton, isolated an organism with which the disease could be reproduced by intravenous inoculation of normal chickens. In the course of our further study of this disease and of the associated organism, we v~ere led to compare it With the ovine and bovine encephalitis organism, with B. monocytogenes, and with the human strains of B,~rn. Except for the details noted below, these strains, with the exception of B.: monocytogenes, are indistinguishable.
The latter, although similar in every other respect, is immunologically distinct. T h e description of this group which follows is based on a study of 3 strains from myocarditis in fowl, 3 from bovine encephalitis , 3 from the New Jersey sheep encephalitis, 2 from a case of meningitis in man,* and 1 strain of B. monocytogenes from the rabbit disease3
Morphology and Cultural Appearance
The members of the group are indistinguishable morphologically, appearing as small rods 1 to 2~ in length and about 0.61z in width. In sections of the heart muscle of fowl dying of the myocardial disease, the bacilli, often appearing directly in the muscle fibres, may be much elongated. They are Gram-positive, although as the culture advances in age this property is lost. When examined at 48 hours they are easily decolorized, perhaps a third of the organisms retaining the dye. In such cultures the Gram stain may show an uneven distribution in individual cells; bipolar staining is common. They are not acid-fast. No spores can be demonstrated.
All the strains exhibit the same type of motility, best seen in a 4 hour dextrose broth culture. In any one field in a hanging drop, a few individuals will be seen actively moving in a tumbling or spiral manner. These may cease and others commence, often with a preliminary violent spinning. By means of the Leifson (7) flagella stain it was possible to demonstrate flagella on all of the strains. 4 to * These strains were kindly supplied by Dr. Burn. 2 This strain was obtained from Dr. Murray. 18 hour agar slant cultures were used in the manner recommended by Leifson. It was, however, necessary to double the amount of basic fuchsin and to increase the time of staining beyond that stipulated. In those portions of the preparations where isolated organisms could be studied, they were monoflagellate, the flagellum usually located at one pole of the bacillus. However, these structures are apparently easily broken off; the real arrangement may be otherwise.
In a semisolid medium 3 containing 1 per cent dextrose a peculiar type of growth was common to all the strains. Growth along the stab occurred in 24 hours at 37°C., after 48 hours the appearance seen in Fig. 1 developed. Minute colonies surrounded the line of inoculation at varying distances. In some of these cultures there appeared an occasional clouding emanating from the stab line but this had not spread through the entire tube and was not related to any particular depth in the medium.
Non-motile organisms, E. ~lorum and B. murisepticus, were used as controls.
They failed to migrate from the point of inoculation in this medium. This is interesting in view of the "test tube brush" appearance which E. murisepticus presents in the usual gelatin medium.
On plain agar the colonies are perfectly smooth and when not crowded are about 1 ram. in diameter after 24 hrs. They are almost transparent; by reflected light they have a faint gray color. On blood agar hemolysis occurs, and growth is slightly better. With the exception of one of the sheep strains which grew granularly in broth, all the strains grow with a uniform turbidity.
Growth is scanty, and unless a large inoculum is used it may fail to occur. However, the addition of 1 per cent dextrose to digest or meat infusion broth results in very heavy growth with a slight sediment after 24 hours. A 1 per cent dextrose digest broth was employed in this work. In gelatin at room temperature a line of small discrete colonies develops along the line of the stab.
Metabolic Activities
All of the strains ferment dextrose, rhamnose, and salicin promptly; bromcresol purple becomes yellow in 24 to 48 hours. No gas is produced. With dextrin, soluble starch, and saccharose, fermentation with the formation of acid generally takes place, but much more slowly, 7 to 12 days being required. With maltose, lactose, and glycerol the results are inconstant. In maltose, slight acidity is developed in 4 to 7 days. In lactose only a very slight acidity was produced by some of the strains after 12 days. All of the strains produced slight acid in glycerol after 12 days. No gas was produced. There was no action on mannite, inulin, galactose, xylose, arabinose, or dulcitol. 4 a Agar 0.25 to 0.5 per cent, gelatin 8.0 per cent, dextrose 1 per cent in digest broth. The amount of agar used depends upon the extent to which it has been desiccated. The gelatin facilitates stab inoculation which is done while the medium is cold.
4 The carbohydrates were autoclaved in distilled water and added to the indi cator medium in 0.5 per cent concentration.
PATHOGENIC ORGANIS~S OF GENUS LISTEIIELLA
Gelatin is not liquefied, nitrates are not reduced, and no H~S is formed by any of the strains studied.
All of the members of the group are facultative anaerobes. In a broth medium containing 1 per cent dextrose growth is equally abundant under atmospheric conditions, in a hydrogen jar in the presence of heated platinized asbestos, and cytogenes the other strains were tested for this property. Murray comments on the occasional difficulty of classification which some of the cells present when stained b y the Leishman m e t h o d . In our rabbit blood films, stained by Wright, or Wright-Giemsa, so many of the mononuclear cells defied accurate classification that it was found necessary to employ the supravital stain of Sabin (8). 5 As can be seen from Graph 1, a marked mononucleosis results in 3 to 5 days after the intravenous injection of the organisms. There is usually an increase in the myeloid elements; the lymphocytes are not significantly altered. Although the figures presented do not indicate the relationship between large and small lymphocytes, the large lymphocytes in our counts were relatively rare. I t is possible t h a t Murray's high percentages of large lymphocytes were due to atypical monocytes. Individual rabbits vary in their response to the same strain; for this reason Graph 1 is not to be construed as a comparison of the monocytogenic properties of the various strains, but rather as an indication thaf all the strains possess this property. Guinea pigs develop a mononucleosis as well as rabbits, but to a less marked degree. The monocyte response in chickens intravenously inoculated with the fowl strain is quite constant. Graph 2 represents a typical case. In view of the difficulty of obtaining accurate total leucocyte counts in fowl the figures must be regarded as only approximate.
Immunological Relationship
6 strains were used in determining the serological relationships in the group. They included 2 ovine strains, a bovine, and a fowl strain, a human strain of B~rn, and B. monocytogenes. Rabbits were immunized against the 6 strains by weekly injections of living cultures.
The first two injections, 0.1 and 0.2 cc. of 24 hour dextrose digest broth culture were given subcutaneously. The subsequent injections were intravenous, beginning at 0.1 ce. and increasing to 1.0 cc. over a period of 5 weeks. 2 weeks after the last injection the rabbits were bled and serum was collected. The antigen employed for agglutination was a 24 hour 1 per cent dextrose digest broth culture adjusted to pH 7.2 and diluted with 5 volumes of salt solution. This neutralization is necessary because of the instability of the organisms in the acid fermentation products from dextrose. Agglutination was carried out for 2 hours at 37°C. and overnight in the refrigerator.
Normal sera bring about a certain amount of agglutination. In the case of horse and chicken se~um this is striking. 130 chicken sera, regardless of the age or health of the bird, showed an average titer of 1:160 against the fowl strain. Titers of 1:320 and 1:640 were not infrequent. Four human sera gave an average titer of 1:40; two rabbits showed a titer of 1:80 against the fowl strain. 51 am very much indebted to Dr. Sabin for invaluable advice and instruction in this technic.
Titers from 1: 2000 to 1:10,000 were obtained with the immune sera prepared as described above. It was found that the fowl, human, bovine, and ovine strains agglutinated in any of the sera prepared against these strains, with only insignificant differences in titer. B. monocytogenes, however, showed no agglutination above the normal serum level in these sera. A serum prepared against B. monocytogenes which had an homologous titer of 1:10,000 gave no agglutination with the other strains. The cross-agglutinations are presented in Table I .
Reciprocal absorptions carried out with the five mutually agglutinable strains showed that, with the possible exception of the human and cattle cultures, they are not antigenicaUy identical. As would be expected from the absence of cross-agglutination between B. monocytogenes and the other strains, no reciprocal absorption took place between B. monocytogenes and the fowl strain. These data indicate that the human, fowl, cattle, and sheep strains are serologically related, and that B. monocytogenes differs antigenicaUy from the other strains.
Variation
In connection with the type of growth noted in semisolid medium (Fig. 1) , an explanation was sought for the occasional uniform clouding which appeared along the line of the stab. This seemed especially interesting since it was common to all the strains under observation. By using ordinary culture tubes to which a side arm was attached, it was possible to withdraw a portion of this cloudy type of growth when it occurred sufficiently near the opening of the side arm. This was done with the fowl strain. The organism obtained in this way, on reintroduction into semisolid medium, spread out with a uniform clouding all along the stab line, filling the entire tube in the course of 48 hours. Subsequent generations of this strain have shown no tendency to revert to the peculiar type of growth exhibited by the original culture. The variant was found to be slightly less virulent than the original culture when tested in mice. In all other respects no difference could be demonstrated; in rate of growth, colony form, hemolysis, flagella, or agglutination.
In studying this variation it was found that in the tubes of uninoculated semisolid medium methylene blue was reduced with the exception of the topmost centimeter. For this reason the growth of the two forms was compared on the surface of plates using the same medium. Under such aerobic conditions the two forms exhibited a very similar type of growth, both spreading through the medium about the streak-line with a uniform clouding. However, similarly inoculated plates incubated in the hydrogen jar showed that under anaerobic conditions the original strain migrated out from the streakline practically not at all, whereas the variant produced a uniform clouding. Non-motile control organisms did not migrate from their point of introduction in this medium. A similar variant was isolated from a culture of B. monocytogenes. Its virulence has not been determined. One might expect to obtain these variants from all the strains since they showed the same appearance in semisolid medium.
From this it seems reasonable to assume that the motility of the strains in question is dependent on a certain amount of oxygen, but that occasionally variants arise which are capable of movement under anaerobic conditions.
Pathology
In addition to the pathologic changes noted by the authors cited above, it should be pointed out that in the natural disease in chickens, and in chickens, rabbits, or guinea pigs inoculated intravenously with cultures of the fowl strain, one of the most striking changes seen at autopsy is a massive necrosis of the myocardium. There may be very little normal cardiac muscle remaining. There is an associated peficarditis often with large amounts of pericardial fluid or exudate, and congestion of the liver and spleen. This picture is not seen in the artificially infected animals unless the dosage has been so regulated that a lapse of 5 to 7 days occurs before death. It has never been seen in mice. Although the different strains vary somewhat in virulence, the same involvement of the heart muscle forms a major part of the pathological picture. Figs. 3, 4 , and 5 show typical hearts from animals succumbing to the infection. In Gram-Weigert stained sections of the heart, many of the organisms are inside the muscle fibrils, and arranged parallel to them as though extension of the lesion were occurring by way of the muscle tissue (see Fig. 2 ). In rabbits, cardiac irregularity and signs of cardiac insufficiency have been noted. None of the animals dying of these generalized artificial infections exhibited clinical signs directly referable to the central nervous system. Although the number of rabbits and guinea pigs examined histologically for central nervous system lesions was inadequate, only those animals overwhelmed by the infection showed a slight perivascular cuffing or meningitis.
DISCUSSION
It should be noted that of the many strains in this group of organisms, all but one were found to be immunologicaUy related and that one, L. monocytogenes, was the one example not indigenous to this country. The antigenic relationship of the New Zealand, South African, and West Australian strains should be of great interest, and might give a clue to the epidemiology of this ubiquitous organism.
There can be little doubt that Murray's L. monocytogenes belongs to the same general group as the American strains since it possesses in common with these strains an unique combination of properties. The rabbit and gerbille strains already are classified in Bergey's Manual under a new genus, Listerella. It would be possible to include the other strainsin this genus. It might be suggested that monocytogenes as a specific name for one of the members of the group, or genus, is inappropriate since the monocytogenic property is shared by all the members so far examined.
Since this material was prepared for publication, Burn 6 has reported further observations on the human strain. He finds it culturally identical with the rabbit strain (Listerella monocytogenes), and in addl- tion has obtained a mononucleosis in rabbits infected with his organism. He also comments on necrotic heart lesions in guinea pigs.
SUMMARY
From meningitis in man, encephalitis in cattle and sheep, a myocardial infection in fowl, and a generalized infection in rabbits, different observers have isolated Gram-positive organisms which are closely related. Their cultural and serological properties are described. When injected intravenously into chickens, rabbits, or guinea pigs there is an unusual blood response, the monocytes being markedly increased. The organisms tend to localize in the myocardium with resulting necrosis.
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